The graft polymerization of Styrene and Methyl methacrylate (MMA) onto deproteinized natural rubber latex (DPNR) was carried out using ammonium peroxy disulfate (N 2 H 8 O 8 S 2 ) as an initiator. The suitable reaction conditions based on the higher monomer conversion was determined. The degree of grafting and the copolymers composition of the resultant SMMA-DPNR were obtained using 1 H NMR Spectroscopy. As expected, composition of styrene in DPNR was higher than that of MMA due to the higher reactivity ratio of styrene monomer as compared to MMA monomer and the structure of the NR backbone. The mechanism of seeded emulsion polymerization leading to graft copolymer of styrene and MMA onto NR was studied and elucidated.
Introduction
Despite the increasing research on synthetic rubber, natural rubber still remains as a practically irreplaceable elastomer. It is an unsaturated elastomer with excellent physical properties including high resilience, high strength, high elongation at break and good fatigue resistance [1] . The fact that, it is a renewable resource together with the good properties signifies that its importance as a elastomeric material. Coupled with the current increasing awareness on environmental issues has created a high level of interest in NR and its derivatives as compared to its synthetic counterparts, which are mostly manufactured from non-renewable oil-based resources. The current oil crisis issue also gives significant credit to the increase in research on NR.
NR is quite sensitive to heat and oxidation due to the presence of the double bond on its chains [2] . These inherent drawbacks of NR have limited its application in industry [2] . In efforts to extend its use, various methods have been developed in order to modify its properties, through physical and chemical modifications [3] .
On chemical modification, the grafting of NR with various monomers such as acrylonitrile, methyl methacrylate (MMA), stearyl methacrylate (SMA), divinylbenzene (DVB) and styrene using a range of initiator systems have been extensively studied [4] [5] [6] [7] [8] . It was found that MMA and styrene are the most suitable monomers when grafting to yield high level of grafting. Improved properties of the modified NR have led to many technical applications in which it has been reported that graft copolymers can be used effectively as compatibilizers for polymer blends [9] . Recently the number of studies on the polymerization of styrene or MMA using DPNR have reportedly increased [10, 11] , partly due to the allergy issue associated with natural rubber latex caused by the presence of protein in the natural rubber latex [12] . The allergy caused by natural rubber latex products has become a serious problem [13] and therefore, DPNR is an obvious choice in applications where allergy is to be avoided.
In this work, styrene and MMA monomers were grafted onto DPNR latex using emulsion polymerization technique. It is worth mentioning that polymerization of MMA in DPNR latex has been reported [10] , from where it was documented that grafting efficiency of MMA in DPNR is higher than MMA in NR. It is our intention to have the polymerization of monomers to occur in the rubber particles so as to impart high degree of grafting by targeting the reaction directly onto rubber particles; so no surfactant will be added into the polymerization system. 
Result and Discussion

H NMR Spectra
The 1 H NMR spectra of DPNR and SMMA-DPNR are shown in Fig. 2 and Fig. 3 , respectively. For DPNR, the unsaturated methyne proton shows singlet resonance signal at 5.15 ppm (a). The peak at 2.10 ppm may be attributed to the methylene protons (c, c') and the resonance signal of the methyl proton appears at 1.70 ppm (b).
The
1 H NMR spectrum of SMMA-DPNR is shown in Figure 3 . The unsaturated methyne proton (a) of the NR shows resonance at 5.15 ppm. The methoxy proton (b) of the acrylic group of the grafted MMA unit appears at 3.5 ppm and the peak of phenyl group (c) of polystyrene observed at 7.1 ppm. The signals obtained were in good agreement with the previous studies which reported that the signal of phenyl group of polystyrene and the methoxy proton of the acrylic group of poly MMA appears at 6.5 -7.5 ppm and 3.5 -3.7 ppm, respectively [8, 14, 15] . Hence, these 1 H NMR analysis have confirmed that the grafted copolymer was successfully prepared. The spectra also provide vital information regarding the copolymer composition which will be discussed later in the following section. Chemical Shift, ppm
Copolymer Composition
The 1 H NMR technique is a well-established method for the determination of copolymer composition. The compositions of styrene and MMA units in the copolymer were determined from the integrated peak area of the corresponding protons in 1 H NMR spectra. The molar composition for each copolymer of styrene and MMA were obtained and quoted as an average value according to the following equations [8, 15] :
For styrene composition,
where NR = y; Styrene = x; S o = integrated peak area value of the unsaturated methyne proton; S 1 = integrated peak area value of the phenyl group of polystyrene unit; C = % molar of monomer in the copolymer.
For MMA composition,
where NR = y; MMA = x; S o = integrated peak area value of the unsaturated methyne proton; S 1 = integrated peak area value of the methoxy proton of MMA unit; C = % molar of monomer in the copolymer.
Then, the mass composition was calculated according to the following equation: C'
where MM = molecular mass of MMA (100 g/mol) or styrene (96 g/mol); NR = molecular mass of cis-1,4-polyisoprene (68 g/mol).
Summary of the copolymer composition produced is given in Table 1 . From Table 1 , it can be seen that the amount of styrene (C') in the graft copolymers is slightly higher than that of MMA which were 12.78 and 11.28 g, respectively, although a similar amount of monomers (styrene / MMA) were initially used (15 g ). The amount of styrene in the SMMA-DPNR copolymer is expected to be higher due to the higher reactivity of the styrene monomer compared to MMA. The reactivity of styrene (0.73 ± 0.05) is very much higher than MMA (0.19 ± 0.05) [15] , thus resulting in more active styrene monomers being added to the NR backbone and forming a stable polymeric radical (a detailed mechanism will be discussed below). The similar finding was also reported when polymerizing styrene and MMA onto NR latex [15] . Another reason which plays important role in emulsion polymerization is the monomer solubility. In emulsion polymerization, transport of monomer from monomer droplets to the growing polymer chain is needed, which demand a minimum water solubility of the monomer. If the monomers are too water soluble, other problem can occur, including simultaneous solution polymerization. In this case, MMA is slightly water soluble compared to styrene monomer and the difference in water solubility might contribute to the lower of MMA composition in the copolymer.
Reaction Mechanism
Grafting of styrene and MMA onto DPNR involving free radicals was applied in this grafting process and such reactions have been used with a wide range of polymers and monomers. Water soluble initiator, ammonium persulfate was used to initiate the free radical polymerization. Initially, the persulfate initiator, at temperature above 50 o C, dissociates at the O-O bond to produce two identical radicals as follows:
The persulfate radicals then interact either with rubber molecules or the monomers. The persulfate radicals that attack the rubber molecules will produce polyisoprene radicals which initiate monomers to form the graft copolymer. The persulfate radicals that attack the monomers will form polymeric radicals which will either combine with other polymeric radicals to form free homopolymers/ copolymers or transfer the polymeric radicals to NR to form graft copolymer (Eq. 5 and 6). The following reaction (Eq. 7 -12) scheme is proposed for the graft copolymerization of vinyl monomer onto natural rubber by the free-radical method [14] :
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where RO . is a persulfate radical; M is a vinyl monomer; M n . is a vinyl polymer radical; NR -H is natural rubber; H is the allylic hydrogen atom; NR . is the polyisoprene radical; and NR -M n . is the growing graft polymer radical chain. The transfer of primary radicals or polymeric radicals onto NR backbone can occur either through abstraction or addition as shown in Fig. 4 . For abstraction process, the primary radicals or polymeric radicals abstracts allylic hydrogen atoms from polyisoprene chain of natural rubber to form grafting sites from which copolymer grafts can propagate. Grafting can also occur by addition of primary radicals or polymeric radicals through the double bonds in the rubber to initiate a grafting site.
For NR, grafting tends to occur more readily by hydrogen abstraction due to its low bond energy. In polyisoprene molecules, the two methylene groups in the isoprene residue are not equivalent and it seems likely that the attack occurs preferentially at carbon 4, so that the methyl group exerts the greatest stabilizing influence on the resulting allylic radical. The simplified mechanism of grafting onto NR backbone through emulsion polymerization is shown in Fig. 5 .
In the case of styrene-MMA grafted onto NR, the styrene monomers tend to attack the grafting sites on NR backbone faster than MMA monomers due to its higher reactivity thus resulted in higher amount of styrene grafted onto NR. It was reported that the most reactive monomers give the least reactive polymeric radicals and the least reactive monomers give the most reactive polymeric radicals [16, 17] . Based on the proposed rule of thumb, the addition of the polystyryl radicals onto NR backbone was lower than the addition of PMMA radical. However the higher addition of PMMA radical onto NR backbone does not affect the composition of styrene-MMA grafted onto NR significantly. The grafting of PS/MMA onto NR backbone produced heterogeneous structure formed by phase separation of incompatible polymer during polymerization. However, PS which has a greater tendency to mix with natural rubber than polymethyl methacrylate, will have lesser tendency to phase-separate to form microaggregates; thus the distribution of styrene monomer within the composite latex particles is expected to be more uniform (3). Arayapranee et al. reported that grafting of styrene and MMA is a core shell type. The grafted NR particles consist of the natural rubber core and the compatibilized PS/MMA shell.
Conclusions
Graft polymerization of styrene and MMA onto DPNR latex using ammonium peroxy disulfate was successfully prepared. The composition of styrene and MMA in the SMMA-DPNR copolymer was calculated and found to be 12.78 wt% and 11.28 wt%, respectively. The higher amount of styrene in the copolymer as compared to MMA was attributed to the higher reactivity ratio of styrene monomers and the instability of the NR backbone which can easily be attacked by the initiator radicals to form grafting sites.
Experimental
Materials
The DPNR latex used was supplied by Sumirubber Industries (Malaysia) Sdn. Bhd. The DRC of DPNR latex was 59 wt % with nitrogen content of 0.047 wt %. The low amount of nitrogen indicates that the latex is highly deprotenized. The latex also contains 0.65 g/l H 2 O of sodium dodecyl sulfate which was added during deproteinization process. All the chemicals used in this experiment were of standard laboratory grade. Styrene monomer (FLUKA, purity ~ 99 %) was prepared free of an inhibitor by washing with a 10% sodium hydroxide solution followed by distilled water. The MMA monomer (FLUKA, purity ~ 99 %) was purified using rotary evaporator which is operated under vacuum due to its slightly water soluble characteristic. Both the styrene and MMA monomers were kept in a refrigerator prior to use. The initiator, ammonium peroxy disulfate (N 2 H 8 O 8 S 2 ) was also purchased from Fluka Chemical Company. Deionised and distilled water were used throughout the work.
Preparation of Grafted NR
The graft polymerization of styrene and MMA in DPNR latex was carried out in a one liter reaction vessel with ratio of monomer to rubber; 20:80 by weight according to the recipe and reaction conditions in Table 1 The latex (203.4 g) and water (485.6 g) were first charged into the reactor and the dissolved oxygen present in the mixture was removed by purging nitrogen gas, 20 ml/min under continuous stirring for 15 minutes. The mixture of styrene (15 g ) and MMA (15 g) monomer (50:50 w/w) were fed to the reactor drop wise until the addition was completed after about 30 min. When the desired temperature (65 o C) inside the reactor was achieved, the initiator solution was quickly added and the reaction temperature was recorded immediately after completing the addition of the initiator. The polymerization reaction was performed at a stirring rate of 200 rpm for 5 hours. During the polymerization, samples of the polymerized latex were taken at certain time intervals for the determination of degree of conversion. The degree of conversion of monomer to polymer was determined gravimetrically and calculated using equation (13) .
where A: Mass of styrene used for polymerization reaction (g) B: Mass of nonreacted styrene (g). The polymerized latex were then sheeted by casting the latex on glass trays and dried overnight at room temperature. Once dried, the sheets were removed from the glass tray.
The post treatments included the leaching process for 24 hours with 3 times water changing and drying to the constant weight under vacuum at 50 o C. The leaching process is to remove any water-soluble impurities from the rubber [5] .
H NMR Analysis
The grafting reaction efficiency has been evaluated by 1 H NMR. The samples of DPNR and SMMA-DPNR were swollen for 12 hours in deuterated chloroform and analyzed by 1 H NMR in a 400 MHz spectrometer ( Bruker) at 20 o C.
